Preserved local but disrupted contextual figure-ground influences in an individual with abnormal function of intermediate visual areas. by Brooks, JL et al.
P
i
J
a
b
c
a
A
R
R
A
A
K
F
S
P
C
G
D
G
I
1
a
f
s
g
o
R
i
1
W
e
A
p
P
B
&
i
s
0
dNeuropsychologia 50 (2012) 1393– 1407
Contents lists available at SciVerse ScienceDirect
Neuropsychologia
jo u rn al hom epa ge : www.elsev ier .com/ locate /neuropsychologia
reserved  local  but  disrupted  contextual  ﬁgure-ground  inﬂuences  in  an
ndividual  with  abnormal  function  of  intermediate  visual  areas
oseph  L.  Brooksa,∗,  Sharon  Gilaie-Dotana,b,  Geraint  Reesa,b, Shlomo  Bentinc, Jon  Drivera,b,1
UCL Institute of Cognitive Neuroscience, University College London, 17 Queen Square, London WC1N 3AR, UK
Wellcome Trust Centre for Neuroimaging, University College London, 12 Queen Square, London WC1N 3BG, UK
Department of Psychology & Center for Neural Computation, Hebrew University of Jerusalem, Jerusalem 91905, Israel
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 28 September 2011
eceived in revised form 8 February 2012
ccepted 18 February 2012
vailable online 7 March 2012
eywords:
igure-ground organization
a  b  s  t  r  a  c  t
Visual  perception  depends  not  only  on local  stimulus  features  but also  on their  relationship  to the
surrounding  stimulus  context,  as  evident  in  both  local  and  contextual  inﬂuences  on  ﬁgure-ground  seg-
mentation.  Intermediate  visual  areas  may  play  a role  in  such  contextual  inﬂuences,  as  we  tested  here  by
examining  LG,  a rare  case  of developmental  visual  agnosia.  LG  has  no  evident  abnormality  of brain  struc-
ture and  functional  neuroimaging  showed  relatively  normal  V1  function,  but  his intermediate  visual  areas
(V2/V3)  function  abnormally.  We  found  that  contextual  inﬂuences  on  ﬁgure-ground  organization  were
selectively disrupted  in LG,  while  local  sources  of ﬁgure-ground  inﬂuences  were  preserved.  Effects  ofegmentation
erceptual organization
ontext
estalt
evelopmental visual agnosia
rouping
ntegration
object knowledge  and  familiarity  on  ﬁgure-ground  organization  were  also signiﬁcantly  diminished.  Our
results suggest  that  the  mechanisms  mediating  contextual  and  familiarity  inﬂuences  on ﬁgure-ground
organization  are  dissociable  from  those  mediating  local  inﬂuences  on  ﬁgure-ground  assignment.  The
disruption  of  contextual  processing  in intermediate  visual  areas  may  play  a role  in  the  substantial  object
recognition  difﬁculties  experienced  by  LG.
© 2012 Elsevier Ltd. All rights reserved.
. Introduction
In the normally developed human visual system, visual scenes
re effortlessly and rapidly segmented into a structured set of sur-
aces and objects. Yet it remains far from clear how the visual
ystem achieves such a complex computation. Gestalt psycholo-
ists ﬁrst pointed out that visual perception does not comprise
nly perception of independent local elements (Wertheimer, 1923).
ather, perception of local elements can depend on their surround-
ng context (for recent examples see: Anderson, 2003; Gilchrist,
977; Herzog, 2003; Polat & Sagi, 1993; Rock & Palmer, 1990;
illiams, McCoy, & Purves, 1998). There has been substantial inter-
st in studying the mechanisms of such contextual integration (e.g.
lbright & Stoner, 2002). A recurring issue is the level of visual
rocessing at which various contextual inﬂuences ﬁrst arise (e.g.
almer, Brooks, & Nelson, 2003; Palmer & Nelson, 2000; Rock &
rosgole, 1964; Rock, Nijhawan, Palmer, & Tudor, 1992; Schulz
 Sanocki, 2003) and its neural underpinnings. Neurophysiolog-
cal ﬁndings shed some light on this. For instance, recent work
uggests that perceived brightness (as induced by surrounding
∗ Corresponding author. Tel.: +44 20 7679 1123; fax: +44 20 7916 8517.
E-mail address: joseph.brooks@ucl.ac.uk (J.L. Brooks).
1 Deceased, Nov 28 2011.
context) may  be reﬂected in the activity of neurons as early as
primary visual cortex (e.g. Harris, Schwarzkopf, Song, Bahrami, &
Rees, 2011; MacEvoy, Kim, & Paradiso, 1998; Rossi & Paradiso,
1999). Other contextual inﬂuences may  involve the input of higher-
order visual areas with larger receptive ﬁelds. For instance, certain
Gestalt grouping processes may  involve not only horizontal but
also feedback connections (e.g. Grossberg, Mingolla, & Ross, 1997;
Roelfsema, 2006) from higher areas. This notion is supported by
functional imaging and neurophysiological data (e.g. Fang, Kersten,
& Murray, 2008; Lee & Nguyen, 2001).
Recent work shows that ﬁgure-ground assignment, a well-
known topic in Gestalt psychology, can be determined by remote
contextual visual information, in addition to the many well-
known local ﬁgure-ground cues (Brooks & Driver, 2010; Peterson
& Salvagio, 2008; Zhang & von Der Heydt, 2010). Figure-ground
assignment is an important aspect of visual processing whereby
contours are assigned to one or the other adjacent regions to
determine relative depth and perceived shape along edges (e.g.
Baylis & Driver, 2001; Burge, Peterson, & Palmer, 2005; Driver &
Baylis, 1996; Nakayama, Shimojo, & Silverman, 1989). For instance,
the visual system could interpret the edge in Fig. 1A as a black
object with soft, rounded bumps (on a white background) which
may  feel nice to touch or, alternatively, as a white object with
sharp, spiked points that should be avoided. Such ﬁgure-ground
assignment ambiguity has often been demonstrated with the
028-3932/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
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Fig. 1. Examples of how perceived shape depends on ﬁgure-ground organization.
(A) The shape along the central vertical edge can be perceived as a white object with
sharp, spiked points on a black background or a black object with soft, rounded
bumps on a white background. Which of these two interpretations is perceived
depends on ﬁgure-ground organization across the edge. (B) The well-known faces-
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experiments, however, show that while his primary visual cortex is
functionally preserved his intermediate visual regions (V2/V3, see
Gilaie-Dotan et al., 2009), both ventrally and dorsally, show func-
tional pathology (e.g. are signiﬁcantly deactivated in response to
visual stimulation). Likewise ERP experiments also conﬁrm that
components normally associated with processing in intermedi-
ate visual cortices are abnormal or absent in LG (Gilaie-Dotan
et al., 2009). This rare case, with preserved early visual function
but pathological intermediate visual cortical function, provides
an opportunity to test whether contextual inﬂuences on ﬁgure-
ground assignment depend on normal functioning of intermediate
visual areas, whereas local inﬂuences on ﬁgure-ground assignment
may  be computed in earlier visual cortex without feedback from
higher level visual areas. If so, then local ﬁgure-ground assignment
should be preserved in LG, whereas contextual inﬂuences should
be reduced or eliminated. In addition, since LG also shows object
recognition problems, we  were further able to test whether top-
down object-knowledge nonetheless inﬂuences his ﬁgure-ground
assignment, as in normal individuals (e.g. Peterson & Gibson, 1991,
1994a).
2. Case history
LG was  a 24 year old, right-handed male at the time of testing
who suffers from developmental visual agnosia. His object and face
recognition problems were already apparent from a very young
age and he was  formally diagnosed at the age of 8 years (Ariel &
Sadeh, 1996). As part of a previous study (Gilaie-Dotan et al., 2009),
a high-resolution structural MRI  scan of his brain was examined by
a neuro-radiologist who was unaware of LG’s condition. No evi-
dence of structural abnormality was identiﬁed. LG functions as a
fully independent adult, studies, works and reads, after ﬁnishing
high school successfully.
A brief overview of the object recognition neuropsychological
examination that LG underwent is provided here. More details can
be found in an earlier report (Gilaie-Dotan et al., 2009). In the Boston
Naming Test, he scored within normal range (45/54, all failures
explained by cultural factors) but in the Hooper Visual Organization
Test, when objects are presented as a collection of their spatially
scattered parts so that their identiﬁcation requires re-orienting and
integrating the parts into a whole, his performance was very weak
(12.5/30, categorized as “very high probability of impairment”).
While his performance with the minimal feature match, BORB-7
(Riddoch & Humphreys, 1993) was  errorless, his ability to recog-
nize overlapping line drawings, BORB-6; (Riddoch & Humphreys,
1993), was  deﬁcient. He performed better with simple geometrical
shapes and had a noticeable difﬁculty with letters and more com-
plex line drawings. This difﬁculty was  reﬂected both by errors (e.g.
11 errors out of 36 superimposed triples of letters) and particularly
by extremely long RTs. The ratio between the RTs of overlap-
ping stimuli compared with RTs of isolated stimuli was three
times the ratio of the normal mean. He is also severely prosopag-
nosic as assessed by the Benton Facial Recognition Test (Benton,
Sivan, Hamsher, Varney, & Spreen, 1983): 33/54 faces, severely
impaired; Warrington’s Face/Word Recognition Test (Warrington,
1984), words = 47/50, faces = 37/50; and the Cambridge Face Mem-
ory Test (Duchaine & Nakayama, 2006), 34/75, 6 points below the
usual congenital prosopagnosia mean.
Testing LG’s brain activation patterns to visual stimulation as
measured by fMRI (Gilaie-Dotan et al., 2009) revealed that activ-
ity in LG’s primary visual cortex is apparently normal whereasase  drawing by Rubin demonstrate how the same edges can depict either two
roﬁle faces or a central vase depending on the ﬁgure-ground organization across
he edges.
ell-known faces-vase drawing (Fig. 1B) described by Rubin
1921). Figure-ground assignment is inﬂuenced by local image fac-
ors such as convexity (Kanizsa & Gerbino, 1976; Stevens & Brookes,
988), edge-region relationships (Palmer & Brooks, 2008), surface
urvature information (Palmer & Ghose, 2008), as well as cogni-
ive factors such as previous experience (Peterson & Enns, 2005;
eterson & Gibson, 1994a; Peterson, Harvey, & Weidenbacher,
991) and attention (Baylis & Driver, 1995; Huang & Pashler, 2009;
ecera, Flevaris, & Filapek, 2004). Neurons in V1 and V2 code the
irection of ﬁgure-ground assignment across an edge (Fang, Boyaci,
 Kersten, 2009; Qiu & von Der Heydt, 2005; Zhou, Friedman, &
on Der Heydt, 2000) suggesting that early visual areas can have a
trong representation of this important visual property. However,
esponses of these neurons are notably modulated by contex-
ual information that falls outside the neuron’s classical receptive
eld (Zhang & von Der Heydt, 2010). This suggests a mechanism
hich must integrate information across the visual ﬁeld through
onnections with other neurons perhaps including feedback from
igher level neurons with larger receptive ﬁelds (Jehee, Lamme, &
oelfsema, 2007; Roelfsema, Lamme, Spekreijse, & Bosch, 2002).
Neurophysiological work in V1 and V2 neurons (Sugihara, Qiu,
 von der Heydt, 2011) has compared the onset latency of con-
extually driven ﬁgure-ground effects to that of locally-induced
gure-ground effects and found that contextual inﬂuences are
ikely to involve feedback from higher-order visual areas. Some
omputational models (Craft, Schütze, Niebur, & von der Heydt,
007; Jehee et al., 2007; Kienker, Sejnowski, Hinton, & Schumacher,
986; Roelfsema et al., 2002; Sajda & Finkel, 1995) also support this
otion, while others suggest that ﬁgure-ground computations are
onﬁned to early visual cortex (e.g. Baek & Sajda, 2005; Nishimura &
akai, 2004, 2005; Zhaoping, 2005). At present, it is unclear whether
ome of the recently established contextual inﬂuences on ﬁgure-
round assignment (e.g. Brooks & Driver, 2010; Peterson & Salvagio,
008) reﬂect the same mechanism as local ﬁgure-ground cues, or
hether they may  be dissociable.
Here, we sought to address whether local and contextual mech-
nisms of ﬁgure-ground assignment are dissociable by studying a
are case of developmental visual agnosia, case LG (Aviezer, Hassin,
 Bentin, 2011; Gilaie-Dotan, Bentin, Harel, Rees, & Saygin, 2011;
ilaie-Dotan, Perry, Bonneh, Malach, & Bentin, 2009). LG has no
ross structural brain abnormality visible on MRI. Functional MRI
LG’s intermediate visual regions (corresponding to V2 and prob-
ably V3/VP) are profoundly deactivated by visual stimulation. This
deactivation is independent of the precise nature of the visual
stimuli (line drawings, gray scale or color photographs and even
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movie clips) and of the task performed (naming, 1-back, ﬁxation,
or free viewing). Interestingly, despite these profound and abnor-
mal  deactivations of intermediate visual cortex in response to
visual stimulation, LG’s higher-level visual regions are activated
above baseline although object and face selectivity is impaired. LG’s
abnormal activation patterns were further conﬁrmed in a series of
ERP experiments. The visual N1 component, associated with neu-
ral activity in intermediate visual regions, was abnormal, and the
face-selective N170 component did not differ in amplitude between
faces and objects as it does in normal individuals.
3. Experiment 1
In Experiment 1 we tested both local and contextual inﬂu-
ences on ﬁgure-ground organization within the same subjective
report paradigm used in a recent study with normal individuals
(Brooks & Driver, 2010). We  presented LG (and control participants)
with displays containing two edge segments. One edge segment
had local cues to ﬁgure-ground organization (herein the locally-
biased edge; Fig. 2A lower section, labeled 3). We  expected that
when control participants judged this section they would reliably
report ﬁgure-ground organization consistent with the local cue.
If LG has intact mechanisms for use of this local ﬁgure-ground
cue, then he would do the same. Another edge segment (herein
the locally-ambiguous edge; Fig. 2A upper section, labeled 2), in
a different part of the scene, had no local cues to ﬁgure-ground
organization. Previous work with normal observers has shown
that ﬁgure-ground organization along this edge is inﬂuenced by
the locally-biased edge. When judging ﬁgure-ground organization
along the locally-ambiguous edge, control participants judged it as
assigned in the same direction (e.g. to the left or the right) as the
contextual edge, thereby showing a remote contextual inﬂuence
(Brooks & Driver, 2010). Importantly, this contextual inﬂuence was
evident only when the two edges were grouped by common motion
and collinearity (Fig. 2B and C; see Supplementary Materials for
animated examples).  That is, the edges were aligned and moved
in synchrony together. When the two edges were not grouped,
due to different speed and phase of motion (Fig. 2D and E and
Supplementary material animated examples),  normal participants
were equally likely to choose either region as ﬁgural along the
locally-ambiguous edge.
If the remote contextual inﬂuence on ﬁgure-ground assignment
is dissociable from local inﬂuences, and depends on normal func-
tioning of intermediate visual areas, then we expected LG to show
reduced or no contextual inﬂuence despite showing preserved
effects of local ﬁgure-ground cues. LG and control participants
made judgments of both the locally-biased edges and locally-
ambiguous edges on separate trials interleaved within the same
block. Judgments of locally-biased edges indexed effects of the local
ﬁgure-ground cue whereas judgments of the locally-ambiguous
section indexed contextual effects.
3.1. Methods
3.1.1. Control participants
We  tested 16 control participants (mean age = 24.6 years, 50%
male, all right handed) with normal or corrected visual acuity.
All participants gave informed consent and the procedures were
approved by the UCL Research Ethics Committee.
3.1.2. Displays and design
As in the Brooks and Driver (2010) study with control partic-
ipants, each display comprised three sections (Fig. 2A, shown to
scale); the top bipartite section, the bottom bipartite section, and
the rectangular occluder between them. The top and bottom bipar-
tite sections were each 5.3◦ square and were separated by a red
+
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Fig. 2. Displays used in Experiment 1. (A) A static scale version of the stimulus. Each
display comprised a red central horizontally oriented bar (gray here and labeled 3)
with superimposed ﬁxation cross and one bipartite section above and one bipar-
tite  section below it. Each bipartite section contained a vertically oriented dividing
edge (luminance contrast) which we call the critical edge (labeled 2 and 3 here for
each  section separately). In this example, the locally-ambiguous section is located
above the red (gray here) bar (and its critical edge is labeled 2) and the lower sec-
tion is the locally-biased section in this case (and its critical edge is labeled 3).
The  location of the locally-ambiguous and locally-biased sections was  counterbal-
anced in Experiment 1. Animated full color versions of the displays are available in
Supplemental Materials. (B) Annotated, not-to-scale cartoon of the motion for dif-
ferent sections of the display in the edge-grouped and region-colors-similar (RCS)
condition. Arrows within a region indicate relative direction of motion for dotted
region texture. Arrows above or below a section indicate the relative motion direc-
tion of the vertical dividing edge for that section. The frequencies listed indicate the
rate of oscillation associated with that display element (e.g. 1.0 Hz below a region
arrow indicates a 1.0 Hz oscillation for texture dots in that region). “F” and “G” indi-
cate anticipated ﬁgural or ground status (respectively) within the locally-biased
section due to dot motion in relation to critical edge motion (C) Edge-grouped and
region-colors-dissimilar (RCD) condition. (D) Edges-ungrouped and region-color-
similar (RCS) condition. (E) Edges-ungrouped and region-color-dissimilar condition
(RCD). Blue and green region colors within the locally-biased sections are replaced
by  dark gray and light gray here.
rectangle (16.8◦ by 2.0◦) centered at ﬁxation. The vertical dividing
edges within each bipartite section oscillated horizontally (0.85◦oscillation distance) at either 1.0 Hz or 1.5 Hz. These vertical divid-
ing edges (marked 2 and 3 in Fig. 2A) will henceforth be referred to
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as the critical edges because ﬁgure-ground organization along these
edges was judged by the participants.
Either the top or the bottom bipartite section (equally often
within each condition) contained a local cue to ﬁgure-ground orga-
nization. That is, it was locally biased.  Edge-assignment for the
locally-biased section’s critical edge was determined by powerful
dynamic cues to ﬁgural edge-assignment (Palmer & Brooks, 2008;
Yonas, Craton, & Thompson, 1987). The critical edge moved syn-
chronously with the sparse dot texture on one side of it, assigning
the edge to that region. The dot texture on the other side moved in
counter-phase to the critical edge, so that region became ground. In
the locally-biased section, the dot-motion-determined ﬁgure was
placed on the left or right side of the critical edge with equal prob-
ability. Likewise, the initial direction of motion for the critical edge
of the locally-biased section was equally often leftward or right-
ward. This counterbalanced for the effects of the recently described
ﬁgure-ground cue of advancing vs. receding motion (Barenholtz
& Tarr, 2009). The other bipartite section within the display was
locally-ambiguous.  It contained no texture dots and had no other
local cues to ﬁgure-ground assignment arising from its own critical
edge and adjacent regions.
As in Brooks and Driver (2010),  we manipulated the relationship
between the locally-biased and locally-ambiguous sections of the
display with (1) edge-grouping and (2) region-color-similarity and
(3) measured perceived ﬁgure-ground organization in just one of
these sections at a time (i.e. section judged was either the locally-
biased or locally-ambiguous). Thus, the experimental design was  a
2 × 2 × 2 within-subjects factorial design with these three factors.
There were 16 repetitions for each condition within each block.
Each participant completed two blocks total of 128 trials each.
(1) Edge-grouping factor: in edge-grouped conditions the two  crit-
ical edges were collinear and oscillated together at the same
speed (Fig. 2B and C). In edge-ungrouped conditions, the two
edges oscillated at different frequencies and started out of
phase (Fig. 2D and E). In edge-grouped conditions, the ini-
tial direction of motion for the edge of the locally-biased
section was the same as for the locally-ambiguous section,
whereas it began with opposite motion in edge-ungrouped
conditions. Edge oscillation frequency in the locally-biased sec-
tion was either 1.0 Hz or 1.5 Hz, with equal probability. In
edge-grouped conditions, the frequency was the same for the
locally-ambiguous section, whereas for edge-ungrouped con-
ditions it was different.
(2) Region-color-similarity factor: In region-colors-similar condi-
tions, the colors of the regions adjacent to the critical edge in
both the locally-biased and locally-ambiguous sections were
black (average 9.0 cd/m2, herein ‘black’) and white (average
53.5 cd/m2, herein ‘white’). In the region-colors-dissimilar con-
ditions, locally-biased section regions were green (CIE x = 0.287,
y = 0.592, 53 cd/m2) and blue (CIE x = 0.142, y = 0.069, 8 cd/m2)
whereas the locally-ambiguous section’s regions were black
and white. White was made equiluminant to green and black
was made equiluminant to blue. For control participants, the
exact luminance for each color was determined for each partic-
ipant individually by ﬂicker photometry (Wagner & Boynton,
1972). This was done to ensure that the region colors were
similar in luminance to the green and blue colors used in the
region-color-dissimilar conditions. For LG, we used the con-
trol participants’ average luminance values for black and white.
The color of the two regions within the locally-ambiguous sec-
tion was counterbalanced (white on left or right), and the color
in the locally-biased section was either the same (in region-
color-similar conditions), or differed in being a green/blue
combination (region-color-dissimilar conditions) with equal
probability. In the latter case, contrast polarity across the edge
(i.e. dark/light or light/dark) was counterbalanced by using
either blue/green (on the left/right respectively) or green/blue
instead.
(3) Section Judged factor: participants reported phenomenal
ﬁgure-ground assignment for only one section of the display
(upper or lower) in each block. Because the judged sec-
tion was  equally often locally-biased or locally-ambiguous,
there were two  separate sets of results. Judgments of the
locally-biased section allowed us to measure whether the local
ﬁgure-ground bias induced by the dots was indeed effec-
tive. Judgements of the locally-ambiguous section indicated
whether ﬁgure-ground assignment of the locally-ambiguous
edge was affected remotely by that of the locally-biased section,
the critical issue in this study. The order (judge-top-section-
ﬁrst or judge-bottom-section-ﬁrst) was counterbalanced across
control participants. LG judged the bottom section in the ﬁrst
block and the top section in the second block.
3.1.3. Procedure
For control participants, displays were presented on a 21-in. CRT
computer monitor (60 Hz, 1280 × 1024 pixel resolution) in a dark,
sound-attenuated testing booth. For LG, displays were presented
on a 14-in. laptop LCD computer monitor (60 Hz,  1440 × 900 pix-
els resolution) in a darkened room at his home. The experimental
procedure was  controlled with Presentation software (Neuro-
behavioral Systems, Inc., http://www.neurobs.com). The viewing
distance was  approximately 60 cm for both LG and control partic-
ipants. Each trial began with a central ﬁxation cross for 1000 ms
followed by the 2800 ms  display. Participants reported, for just one
section of the display (above the red bar in one block, below in the
other block), which region appeared “in front”, using corresponding
buttons (left or right mouse buttons). Participants were instructed
to report their “ﬁrst impression” as fast as possible and reaction
times were recorded. For control participants, eye position was
monitored throughout displays using an Eyelink 1000 eyetracker
with a sampling rate of 250 Hz (SR Research Ltd., Kanata, Ontario,
Canada: http://www.sr-research.com).  Trials with >1◦ deviations
from ﬁxation or with pursuit eye movements (>0.5◦ regular oscilla-
tory structure) during the displays were excluded (0.5% of all trials).
For LG, due to practical limitations in his home environment, we
were unable to formally monitor his ﬁxation.
3.2. Results and discussion
3.2.1. Statistics for comparing LG to control group
We assessed effects in control participants using a standard
within-subject ANOVA and standard parametric t-test procedures.
Unless otherwise speciﬁed, comparisons between LG and the con-
trol population were assessed using a modiﬁed t-test designed to
compare single cases to control populations (Crawford, Garthwaite,
& Howell, 2009; Crawford & Howell, 1998). We  indicate this Craw-
ford & Howell t-test as tcrawford.
3.2.2. Effectiveness of local cue; controls and LG show same effect
Within the locally-biased section (e.g. lower section of Fig. 2A),
LG chose the locally-cue-indicated (i.e. the region consistent with
the Palmer & Brooks dot-motion cue) region on 97.9% of trials (col-
lapsed over edge-grouping and region-color-similarity conditions).
This was  not signiﬁcantly different from the control participants
(94.9%), tcrawford(15) = 0.50, n.s. There were no signiﬁcant differ-
ences between LG and controls in any of the locally-biased section’s
sub-conditions (all p > 0.31) nor did any of the sub-conditions
(Table 1) differ from one another in controls (all p > 0.6). These
results demonstrate LG’s ability to use the local edge-region group-
ing cue (Palmer & Brooks, 2008; Yonas et al., 1987) to the same
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Table  1
Experiment 1 results for locally-biased section judgments.
Edges-grouped RCS Edges-grouped RCD Edges-not-grouped RCS Edges-not-grouped RCD
Control participants 95.3% (SE = 1.4%) 94.7% (SE = 1.7%) 95.8% (SE = 1.6%) 93.9% (SE = 1.5%)
LG 96.9% 96.9% 100.0% 98.4%
Note: Values represent the percentage of trials on which the locally-cue-indicated region was  chosen as ﬁgural as a function of edge-grouping and region-color-similarity.
RCS,  region-colors-similar conditions. RCD, region-colors-different conditions. Scores are presented separately for LG and control participants. Control participant values in
parentheses represent standard errors of the mean.
extent as controls to determine ﬁgure-ground organization locally
within a region.
3.2.3. Controls – contextual effect
Above we demonstrated that like control participants, LG can
use the local cue to ﬁgure-ground organization within the locally-
biased section as efﬁciently as control participants. Hence, we can
now ask whether ﬁgure-ground organization within the locally-
biased section (e.g. lower section of Fig. 2A) affected perception of
the locally-ambiguous region remotely (e.g. upper section of Fig.
2A) as was shown for normally-developed participants in a pre-
vious study (Brooks & Driver, 2010), that is, whether LG showed
contextual effects. We  ﬁrst veriﬁed that our control participants
were, indeed, sensitive to the context when they were making
ﬁgure-ground judgments regarding the locally-ambiguous region.
To quantify the contextual inﬂuence of the locally-biased sec-
tion’s ﬁgure-ground organization on that of the locally-ambiguous
section, control participants’ responses for the locally-ambiguous
section were coded according to whether they were context-
consistent. For example, if the left side was ﬁgural (as indicated
by the local cue) in the contextual locally-biased section, then
a left response for the locally-ambiguous section was  consid-
ered context-consistent. Context-consistency values signiﬁcantly
greater than 50% indicate a contextual inﬂuence in which the
locally-ambiguous section acquires ﬁgure-ground organization in
the same direction as the context. Context-consistency values
equivalent to 50% indicate no contextual inﬂuence, i.e. an ambigu-
ous ﬁgure-ground organization consistent with there being no
local ﬁgure-ground cues within the locally-ambiguous section. Any
context-consistency values signiﬁcantly less than 50% would indi-
cate a contextual inﬂuence but with ﬁgure assigned in the opposite
direction from the context.
When judging the locally-ambiguous section, control partic-
ipants were signiﬁcantly more likely to choose the context-
consistent region as “in-front”/ﬁgural when edge-grouping was
present than when the critical edges were ungrouped (Fig. 3, gray
bars, both edge-grouped bars on left vs. both edge-not-grouped
bars on right), F(1,15) = 123.1, p < 0.0001. In both edge-grouped
conditions (stimuli: Fig. 2B and C; results: two  gray bars on
left in Fig. 3), control participants chose the context-consistent
region signiﬁcantly more often than 50%: region-colors simi-
lar (RCS), t(15) = 13.6, p < 0.0001; region-colors-dissimilar (RCD),
t(15) = .13.4, p < 0.0001. In edge-not-grouped conditions (stimuli:
Fig. 2D and E; results: two gray bars on right in Fig. 3), the
context-consistent region was not chosen more often than 50%:
region-colors-similar, t(15) = 0.72, n.s.; region-colors-dissimilar,
t(15) = 0.34, n.s. This indicates that without edge-grouping, per-
ception of the locally-ambiguous region was not affected by the
context in normal participants. The strength of the contextual
effect in edge-grouped conditions was signiﬁcantly stronger in the
region-colors-similar (RCS) condition than in the region-colors-
dissimilar (RCD) condition (compare two left gray bars in Fig.
3), F(1,15) = 7.72, p < 0.01, but this had no effect in the edge-not-
grouped conditions (i.e. an interaction between edge-grouping and
region-color-similarity), F(1,15) = 5.40, p < 0.03. These perceptual
reports of control participants for locally-ambiguous sections of the
0%
25%
50%
75%
100%
%
 C
on
te
xt
 C
on
si
st
en
t
LG
Controls
Edge-Grouped Edge-Not-Grouped
RCS RCD RCS RCD
Fig. 3. Locally-ambiguous section results from Experiment 1 for control par-
ticipants (gray bars) and LG (black bars) as a function of edge-grouping and
region-color-similarity (RCS, region-colors-similar conditions; RCD, region-colors-
dissimilar condition). Scores represent the average percentage of trials on which the
context-consistent region was  chosen as ﬁgural. Values greater than 50% indicate a
signiﬁcant contextual effect on the locally-ambiguous section. Error bars represent
standard error of the mean. Unlike controls, LG did not show a contextual inﬂuence
in  edge-grouped conditions.
display, as a function of remote context, replicate previous work
(Brooks & Driver, 2010) showing that ﬁgure-ground assignment
propagates from the locally-biased section’s critical edge to the
locally-ambiguous critical edge but only when the two  edges are
grouped by collinearity and common motion.
3.2.4. Pathological absence of contextual effect in LG
LG’s data were scored with respect to context-consistency
in the same manner as for control participants. LG chose
the context-consistent side signiﬁcantly less often than control
participants in edge-grouped conditions (Fig. 3, edge-grouped
gray bars vs. edge-grouped black bars): region-colors-similar
(RCS), tcrawford(15) = −2.62, p < 0.01; region-colors-dissimilar (RCD),
tcrawford(15) = −2.14, p < 0.04. For him, the percentage of context-
consistent responses for the locally-ambiguous region was not
signiﬁcantly greater than 50% for any of the conditions (Fig. 3, all
black bars vs. 50% using binomial test): edge-grouped/region-colors
similar, pbinomial = 0.11; edge-grouped/region-colors-dissimilar,
pbinomial = 0.11; edge-not-grouped/region-colors-similar, pbinomial
= 0.13; edge-not-grouped/region-colors-dissimilar pbinomial = 0.10.
For both the locally-biased section (X2 = 0.11, p < 0.99) and the
locally-ambiguous section (X2 = 0.38, p < 0.99), the pattern of results
did not differ between judging the top and bottom sections.
3.2.5. Reaction times (RT)
LG’s median RT (1629.4 ms)  was signiﬁcantly longer than the
control participants’ average median RT (980.2 ms, SE = 50.4),
tcrawford(15) = 3.12, p < 0.007. Because we were more interested
in the effects of the experimental factors on RT rather than
overall speed, we normalized RTs by dividing each participant’s
RT in each condition by that participant’s overall RT. For control
participants, this normalized-RT was  not signiﬁcantly affected by
edge-grouping, F(1,15) = 1.00, p < 0.33, or region-colors-similarity,
F(1,15) = 0.11, p < 0.75. Normalized RT was marginally lower
when judging locally-biased sections (1.03, SE = 0.06) than
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Table 2
Experiment 2 results for locally-biased section judgments.
Edges-grouped RCS Edges-grouped RCD Edges-not-grouped RCS Edges-not-grouped RCD
0.15◦ Separation Control participants 96.9% (SE = 1.1%) 98.7% (SE = 0.8%) 98.1% (SE = 1.3%) 97.5% (SE = 1.4%)
LG 100% 100% 100% 100%
1.0◦ Separation Control participants 98.1% (SE = 1.4%) 100% (SE = 0%) 96.9% (SE = 1.9%) 98.1% (SE = 0.9%)
LG  100% 100% 100% 100%
2.0◦ Separation Control participants 96.2% (SE = 1.4%) 98.1% (SE = 0.9%) 96.2% (SE = 1.4%) 96.2% (SE = 1.0%)
LG  100% 100% 100% 96.9%
locally-ambiguous sections (0.97, SE = 0.06), F(1,15) = 3.71, p < 0.07.
This indicates that they were marginally faster for locally-biased
sections. There were no interactions of any of these factors (all
p > 0.22). LG did not show any signiﬁcant difference from the
control population in any of the conditions for normalized RT (all
pcrawford > 0.10).
3.2.6. Experiment 1 summary
These results demonstrate that LG showed a pathological loss of
contextual inﬂuence on ﬁgure-ground organization in the locally-
ambiguous section of the display, despite showing intact effects of
local ﬁgure-ground cues within the locally-biased section of the
display. This is in contrast to control participants who  showed a
clear pattern of contextual inﬂuence in edge-grouped conditions, a
pattern observed previously (Brooks & Driver, 2010).
4. Experiment 2 – no effect of context distance
In Experiment 1, the medial (closest to ﬁxation) end of the
locally-biased edge was separated from the medial end of the
locally-ambiguous edge by 2◦ of visual angle. Although control par-
ticipants showed substantial contextual inﬂuence (approximately
80% of the strength of the local cue, on average) at this distance,
LG showed no signiﬁcant inﬂuence of the context. In Experiment 2
we reduced the distance between the two edges to see whether LG
would show any contextual inﬂuence at shorter distances between
the locally-ambiguous edge and the source of contextual inﬂuence
(i.e. the locally-biased edge). It is possible that the visual integra-
tion mechanisms that mediate contextual inﬂuence function in LG’s
brain but over smaller ﬁeld of integration. Alternatively, LG may  be
unable to incorporate contextual inﬂuence into his ﬁgure-ground
judgments even at a very short distance because his visual integra-
tion mechanisms are severely disturbed. In addition to testing the
above issue, this experiment provides an opportunity to assess any
effect of distance on control participants’ contextual inﬂuences, a
factor not studied in previous work with this paradigm (Brooks &
Driver, 2010).
4.1. Method
4.1.1. Control participants
We  tested 10 new control participants (mean age = 30.4 years,
60% male, 9 right handed, 1 left handed) with normal or corrected
visual acuity. All participants gave informed consent and the pro-
cedures were approved by the UCL Research Ethics Committee.
4.1.2. Displays and design
The displays were exactly the same as in Experiment 1 except
that the thickness (i.e. vertical extent) of the red occluder bar was
now either 2.0◦ (as in Experiment 1), or 1.0◦, or 0.15◦. When the
occluder bar was thinner than in Experiment 1, the two bipartite
sections remained the same size but were moved closer to ﬁx-
ation and remained adjacent to the (now thinner) occluder bar.
The design was a 2 × 2 × 2 × 3 within-subjects factorial design with
edge-grouping, region-color-similarity, section-judged (all preced-
ing factors as in Experiment 1), and inter-edge distance as the
factors. There were 16 repetitions of each condition resulting in
384 trials.
4.1.3. Procedure
The procedure was the same as Experiment 1, except that
Experiment 2 was  longer and, therefore, split into 4 blocks by 3
self-limited breaks. Either the upper or lower section (counterbal-
anced across participants) was judged continuously for any given
participant, resulting in judgments of the locally-ambiguous sec-
tion on some trials and the locally-biased section on other trials (as
in Experiment 1). LG participated in two  separate (one month apart)
sessions of 384 trials each. Due to experimenter error, he judged the
top section in both sessions. This should not bias the results because
in Experiment 1 no differences were observed for LG between
top/bottom judgments (and likewise for control participants). On
average, 2% of control participants’ trials were excluded due to eye
movements (using the same thresholds as in Experiment 1).
4.2. Results and discussion
4.2.1. Locally-biased section results
All data were scored as in Experiment 1. On average when
judging the locally-biased section, control participants chose the
cue-indicated region as ﬁgural on 97.6% of trials. This did not differ
due to any of the experimental factors (see Table 2) or their inter-
actions (all p > 0.1). LG chose the cue-indicated region on 99.5% of
trials (collapsed across all conditions). This was not signiﬁcantly dif-
ferent from that of control participants in any of the sub-conditions
for locally-biased section judgments (all pcrawford > 0.25). These
results replicate those of Experiment 1 and demonstrate that LG
shows normal sensitivity to the local ﬁgure-ground cue within the
locally-biased section.
4.2.2. Contextual effect – control participants
Judgments of the locally-ambiguous section were scored as the
percentage context-consistent as in Experiment 1. In judgments
of the locally-ambiguous section, control participants chose the
context-consistent region as ﬁgural signiﬁcantly more often in
edge-grouped conditions than in edge-not-grouped conditions,
F(1,9) = 114.0, p < 0.0001 (two left gray bars vs. two right gray bars
in Fig. 3A–C). In all edge-grouped conditions the context-consistent
region was  chosen as ﬁgural signiﬁcantly more often than 50%
indicating a signiﬁcant contextual effect: 0.15◦-Edge-grouped/RCS,
t(9) = 16.65, p < 0.00001; 0.15◦-Edge-grouped/RCD, t(9) = 7.58,
p < 0.00001; 1.0◦-Edge-grouped/RCS, t(9) = 11.75, p < 0.00001;
1.0◦-Edge-grouped/RCD, t(9) = 8.07, p < 0.00001; 2.0◦-Edge-
grouped/RCS, t(9) = 11.62, p < 0.00001; 2.0◦-Edge-grouped/RCD,
t(9) = 4.63, p < 0.00001. Participant context-consistent responses
were signiﬁcantly greater than 50% in only one of the edge-
not-grouped conditions when the occluder was thin (0.15◦) and
region colors were similar (RCS), t(9) = 3.63, p < 0.005. None of
the other edge-not-grouped conditions (two right gray bars in
Fig. 3A–C) were signiﬁcantly greater than 50% (all p > 0.17). These
results indicate that edge-grouping, when present, allowed the
contextual inﬂuence from the locally-biased section to affect
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Table  3
Crawford & Howell t- and p-values comparing LG and control participants for locally-ambiguous section judgments in experiment 2.
Edges-grouped RCS Edges-grouped RCD Edges-not-grouped RCS Edges-not-grouped RCD
0.15◦ Separation tcrawford(9) = −4.60 tcrawford(9) = −2.48 tcrawford(9) = −1.56 tcrawford(9) = −0.64
p  < 0.0009 p < 0.02 p < 0.11 p < 0.31
1.0◦ Separation tcrawford(9) = −2.94 tcrawford(9) = −2.66 tcrawford(9) = 0.63 tcrawford(9) = −1.25
p  < 0.01 p < 0.02 
2.0◦ Separation tcrawford(9) = −2.92 tcrawford(9) =
p  < 0.01 p < 0.14 
locally-ambiguous section judgments. This replicates the main
result of Experiment 1 and the results of Brooks and Driver (2010).
There was also a main effect of region-color-similarity (RCS
mean = 73.7%; RCD mean = 66.6%), F(1,9) = 8.74, p < 0.016, with
region-color-similar trials showing more contextual inﬂuence.
Unlike Experiment 1, though, there was no signiﬁcant interaction of
edge-grouping and region-color-similarity, F(1,9) = 0.006, p < 0.94.
Instead, the three-way interaction of edge-grouping, region-
color-similarity, and occluder thickness approached signiﬁcance,
F(2,18) = 3.05, p < 0.07, as we report for completeness. This three-
way interaction might reﬂect a contextual inﬂuence mediated by
region-color-similarity in the shortest inter-edge distance (0.15◦)
condition, even when edge-grouping was not present (i.e. the only
edge-not-grouped condition to yield signiﬁcantly greater than 50%
context-consistent, see above). Context-consistent responses were
not greater than 50% in edge-not-grouped conditions for other
inter-edge distance values (see previous paragraph). There was  no
signiﬁcant main effect of inter-edge distance, F(1,9) = 2.06, p < 0.15
indicating that controls were not signiﬁcantly affected by the dis-
tance from the context over the range of distances that we tested.
But the key question was whether or not contextual inﬂuences
would emerge in LG when the biasing context was  placed closer
to the unbiased edge.
4.2.3. No contextual effect for LG regardless of distance
When judging the locally-ambiguous section, LG’s context-
consistent responses were not signiﬁcantly different from 50%
regardless of the distance between the context and the locally-
ambiguous section (all pbinomial > 0.1; Fig. 4A–C black bars vs. 50%).
Furthermore, LG showed signiﬁcantly fewer context-consistent
responses than control participants in all of the edge-grouped
conditions (see Fig. 4A–C, two left gray bars vs. two  left black
bars; inferential statistics in Table 3) except in the 2.0◦-edges-
grouped/RCD condition. The reason for this exception is not clear.
There were no signiﬁcant differences between LG and control par-
ticipants in any of the edges-ungrouped conditions (Fig. 4A–C, two
right black bars vs. two right gray bars; all p > 0.11), where no con-
textual effects were expected.
5. Experiments 1 and 2 summary and discussion
In sum, despite showing preserved inﬂuence of local cues on
ﬁgure-ground assignment, LG did not incorporate contextual infor-
mation into his ﬁgure-ground judgments of the locally-ambiguous
section, even with very short distances between the locally-biased
and locally-ambiguous edges. In contrast, control participants
showed consistent contextual inﬂuences in edge-grouped condi-
tions at all of the distances that we tested. Importantly, LG’s lack of
a contextual effect cannot be attributed to general inability to per-
form ﬁgure-ground judgments, because he performed equivalently
to control participants on this task when the ﬁgure-ground cue was
local to the judged edge. Furthermore, trials measuring the local and
contextual inﬂuences were interleaved randomly within each block
which makes strategic effects unlikely. The overall information on
the screen was the same on trials that reﬂected contextual inﬂu-
ence and those that reﬂected local inﬂuence. The only differencep < 0.31 p < 0.17
 −1.40 tcrawford(9) = −1.01 tcrawford(9) = 0.20
p < 0.22 p < 0.38
was whether the section judged was  that with the local ﬁgure-
ground cue (locally-biased) or the locally-ambiguous section. Our
results show that despite reporting normal perceived depth/ﬁgural
assignment in response to local cues along an edge, LG shows no
contextual inﬂuence from nearby edges. This dissociation between
local and contextual ﬁgure-ground inﬂuences suggests that they
depend, at least partially, on independent mechanisms.
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Fig. 4. Locally-ambiguous section results from Experiment 2 for both control
participants (gray bars) and LG (black bars) as a function of edge-grouping
and region-color-similarity (RCS, region-colors-similar conditions; RCD, region-
colors-dissimilar condition). Results are plotted separately for different separation
distances between the display sections: (A) 0.15◦ separation. (B) 1.0◦ separation.
(C) 2.0◦ separation. Scores represent the average percentage of trials on which the
context-consistent region was  chosen as ﬁgural. Values greater than 50% indicate a
signiﬁcant contextual effect on the locally-ambiguous section. Error bars represent
standard error of the mean.
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One possible explanation of LG’s impaired visual integration
derives from previously observed functional abnormalities in LG’s
brain. Although activity in response to visual stimulation is rela-
tively normal in LG’s primary visual cortex and some higher-order
cortical areas, intermediate visual areas (e.g. V2/V3) show deac-
tivation in response to visual stimulation compared to baseline
(Gilaie-Dotan et al., 2009). Thus, it is possible that contextual inﬂu-
ences on ﬁgure-ground depend critically on normal functioning
of these intermediate visual areas. In contrast, local ﬁgure-ground
cues can be used by LG suggesting that this can be computed with-
out need for normal functioning of V2/V3. One speciﬁc possibility
is that local ﬁgure-ground cues are computed in a bottom-up man-
ner in early visual cortex, whereas contextual inﬂuences depend
more on feedback from intermediate and higher visual areas with
larger receptive ﬁelds. The importance of feedback in contextual
ﬁgure-ground effects is supported by both neurophysiological work
(Heinen, Jolij, & Lamme, 2005; Sugihara et al., 2011) and computa-
tional modeling (Craft et al., 2007; Kienker et al., 1986; Sajda &
Finkel, 1995). For instance, the onset time of contextual ﬁgure-
ground inﬂuences on border ownership signals in V2 neurons
does not depend critically on the distance of the contextual cues
(Sugihara et al., 2011). It is difﬁcult to account for these results in
a model using only horizontal interactions within the same corti-
cal area. Our results are consistent with the notion that contextual
inﬂuences on ﬁgure-ground organization, at least in the form stud-
ied here, may  require intermediate visual areas.
6. Experiment 3: preserved function of weaker local cues
In Experiments 1 and 2, we found that LG showed normal
ﬁgure-ground organization within the locally-biased section of the
displays. However, when judging the locally-ambiguous section
using the same task, LG, in contrast to the control participants,
was not inﬂuenced by the locally-biased contextual section. This
was true even when the context was at very short distances. We
have interpreted this as reﬂecting a dissociation between local and
contextual mechanisms of ﬁgure-ground assignment. That is, our
data suggest that different and functionally independent neural cir-
cuits implement local and contextual inﬂuences on ﬁgure-ground
organization.
The local ﬁgure-ground cue within locally-biased sections in
Experiments 1 and 2 was quite strong, causing both control par-
ticipants and LG to see the predicted side as ﬁgural approximately
95–98% of the time. In contrast, the context-consistent side within
the locally-ambiguous region was chosen as ﬁgural on only 75–80%
of trials by control participants. This means that the contextual
effect is a signiﬁcantly weaker ﬁgure-ground cue than the local cue,
t(15) = 6.40, p < 0.000001, comparing local-predicted to ambigu-
ous context-consistent region choice. Only this weaker effect was
absent in LG. On conceivable alternative interpretation of the
results in Experiment 1 and 2 is therefore that only weaker ﬁgure-
ground cues (such as the contextual cue) are selectively disrupted
in LG. In this account, there would be no need to explain the results
with a dissociation between local and contextual ﬁgure-ground
mechanisms. Instead, a single damaged mechanism may  show a
deﬁcit when operating with impoverished or non-optimal input
(i.e. a weaker ﬁgure-ground cue in our case), but it can operate
normally when the input is optimal (i.e. a strong ﬁgure-ground cue
in our case). If that is the case with LG’s ﬁgure-ground processes,
then an effect of cue strength cannot be taken as evidence for a
dissociation.
To investigate this alternative account, we tested LG and con-
trol participants on several local ﬁgure-ground cues that varied
in strength from 50% to 93% choice of the predicted region (for
controls). Equivalent performance of LG and control participants
across this range of local cues, would demonstrate that cue strength
does not account for LG’s lack of a contextual ﬁgure-ground effect
and would support our case for a dissociation between local and
contextual mechanisms of ﬁgural assignment.
For these additional tests, we  chose local ﬁgure-ground cues
that were variations on the edge-region grouping (ERG) proposal
(Palmer & Brooks, 2008). This includes the cue used in the locally-
biased sections of Experiments 1 and 2. The ERG proposal holds
that an edge will be assigned to the adjacent region with which it
best groups.  For instance, the vertical edge within the locally-biased
sections of Experiment 1 and 2 oscillated back-and-forth. The dot
texture in one of the adjacent regions also oscillated with the same
speed and phase. In terms of perceptual grouping, this region was
perceptually grouped with the edge by the classic Gestalt grouping
cue of common fate. According to the ERG hypothesis, this grouped
region would be ﬁgurally assigned to the edge. The other adjacent
region oscillated at a different speed and thus was not grouped by
common fate. Therefore, it should be perceived as background. As
shown in the locally-biased section results of Experiments 1 and
2, ERG via common fate grouping caused robust ﬁgural assignment
with 90–100% choice of the predicted region as ﬁgural. Other group-
ing cues can also be used to associate the edge to an adjacent region.
For instance, the texture elements within one adjacent region may
be grouped with the edge by color similarity (Fig. 5A), blur similar-
ity (Fig. 5B), proximity (Fig. 5C), orientation similarity (Fig. 5D), or
ﬂicker synchrony (i.e. the elements onset and offset synchronously
with the edge; see the animated Supplementary Fig. S5). These
ERG grouping principles tend to produce weaker ﬁgural assignment
than common fate, ranging from approximately 50–80% in control
participants. Hence, using this range of cues provides a good basis
for testing the alternative cue strength account of our results. If
LG chooses the ERG-predicted region as often as controls even for
weaker ERG cues, then this rules out the cue strength account.
6.1. Method
6.1.1. Control participants
The control participants were 11 university students who par-
ticipated for course credit. These were different participants than in
Experiments 1 and 2. There were 6 males and 5 females. The average
age was 20.4 years. All participants gave informed consent and the
procedures were approved by the UCL Research Ethics Committee.
6.1.2. Displays and design
The display on each trial comprised a 5.3◦ square bipartite
stimulus at the center of the screen. This bipartite stimulus was
equivalent in size to the locally-biased section of Experiments 1
and 2. The bipartite stimulus was  divided in half vertically by a
pseudorandom curvy edge. The algorithm for generating this edge
is describe in detail in Brooks and Driver (2010).  This algorithm
ensured that the regions were balanced for convexity and size. The
edge was  either a contrast edge (Fig. 5B and C) or a line edge (Fig.
5A and D) depending on the particular ERG grouping cue on that
trial.
There were six different ERG cue types: common fate (60 trials),
ﬂicker synchrony (20 trials), color similarity (40 trials), blur simi-
larity (40 trials), proximity (20 trials), and orientation similarity (20
trials). This resulted in a total of 200 trials which were presented
in a random order in a within-subjects design. The number of tri-
als was  different for each ERG cue because each ERG cue varied
different features of the display and thus required different coun-
terbalancing. These details are described separately for each ERG
cue below. Control participants completed one experimental ses-
sion. LG completed two  sessions on the same day and the results
of these two  sessions were combined (400 total trials). Each trial
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Fig. 5. Stimuli and results of Experiment 3. (A–D) Example stimuli with four edge-
region grouping (ERG) factors of differing strength. In all of these examples, ERG
predicts assignment of the edge to the right side. Additional factors such as color of
the region, which side was  ERG, were counterbalanced. See the text for details. (A)
Color similarity between edge and right region texture elements. (B) Blur similar-
ity.  (C) Proximity of texture elements and edge. (D) Orientation similarity between
edge components and region texture elements. (E) Results of Experiment 3 show-
ing percentage of trials on which LG (black bars) and control participants (gray bars)
chose the ERG-predicted region as ﬁgural. This is shown for 6 different ERG factors.
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was background. All three versions were counterbalanced for the
color of the ERG-predicted side (black or white) and the starting
direction of motion of the edge. The frequency of oscillation of the
edge was randomly assigned on each trial from the two frequencies
used in Experiments 1 and 2.
Flicker Synchrony (Supplemental Fig. S5): there were two ver-
sions of ﬂicker synchrony with 10 trials of each. (A) In one type the
edge ﬂickered in synchrony with and thus was grouped with the
dots on one side of the edge. The dots in the other region did not
ﬂicker and thus did not group with the edge. ERG predicts assign-
ment of the edge to the grouped, ﬂickering side. (B) In the other
version, the edge was  not ﬂickering and thus grouped with the
region containing stable, non-ﬂickering dots. The dots in the other
region were ﬂickering. ERG predicts ﬁgural assignment of the edge
to the stable, non-ﬂickering region in this case. In both conditions
the ﬂickering items ﬂickered at 7.5HZ.
Color similarity (Fig. 5A, grayscale version): there were two ver-
sions of ERG by color similarity grouping with 20 trials each. (A) In
one type, the edge was a colored line (either red or green, equi-
luminant by photometer). The texture dots in one region shared
the same color as the edge. The texture dots in the other region
were a different color. ERG predicts assignment of the edge to the
region with the dots of the same color as the edge. (B) The other
version was the same as above except that the entire region (aside
from the dots) was  ﬁlled with a lower contrast version of the same
color. This provides a basis for color similarity grouping between
the edge, the texture elements, and the rest of the region. ERG pre-
dicts assignment of the edge to the region ﬁlled with the same hue
and colored dots. Both of these versions were counterbalanced for
the color (red or green) of the ERG predicted side.
Blur similarity (Fig. 5B): the edge was either sharp or blurred
with a using a Gaussian kernel with a 6-pixel radius (0.18◦). The
texture dots in one region were sharp. The texture dots in the other
region were blurred with the same parameters. The peak contrast
of the blurred dots was  kept constant to that of the sharp dots. ERG
predicts that the edge will be assigned to the region with the same
degree of blur as the edge. The trials were counterbalanced for the
color and degree of blur of the ERG predicted side.
Proximity (Fig. 5C): the texture dots within one region were all
within 1◦ of the contrast edge (i.e. grouped by proximity) whereas
the texture dots in the other region were distal from the curvy edge
and within 1◦ of the outer edge of the region. ERG predicts assign-
ment of the edge to the region with the dots proximal to the edge.
The trials were counterbalanced for the color (black or white) of
the ERG predicted region.
Orientation similarity (Fig. 5D): the edge was a line edge. The
edge was  composed of either horizontal and vertical line segments
or diagonal line segments. One region was ﬁlled with horizontal
and vertical line segments. The other was ﬁlled with diagonal line
segments. ERG predicts assignment of the edge to the region with
texture elements of similar orientation. Trials were balanced for
whether the ERG predicted side contained horizontal/vertical or
diagonal line segments.
6.1.3. Procedure
The display apparatus and settings were identical to those in
Experiments 1 and 2 except that no eyetracking was available for
this experiment. Before the experiment began, the participants
were shown a faces-vase ambiguous stimulus to explain the con-
cept of ﬁgure-ground organization and they were also shown one
example of each stimulus (which was  not included in later test-
ing) to demonstrate the various types of stimuli to expect. On eachhe  ERG factors are ordered, from left to right, with decreasing strength for control
articipants. Error bars on control participant data represent standard error of the
ean.
ad a different curvy edge between the regions but edges were the
ame across the two sessions for LG.
It was common to all ERG cues that the side predicted to be
gural by ERG (left or right) was counterbalanced within the trials
or each ERG cue. Other features differed for each ERG grouping cue
s follows.
Common Fate: There were three versions of common fate
rouping. There were 20 trials of each version and each produced
trong ﬁgural assignment in a previous study but did vary slightly
n strength (Palmer & Brooks, 2008). (A) One matched the locally-
iased section in Experiments 1 and 2 exactly, that is, the edge
oved with the texture in one region and the texture dots in
he other region moved out of phase and at a different speed.
he speeds and other factors were the same. (B) Another version
nvolved a static edge. The edge grouped with static dots in one
egion while dots in the other region moved. (C) A third version
nvolved a moving edge grouped with moving dots in one region.
he dots in the other region were static and thus that region
trial, the stimulus was  presented for a limited amount of time and
participants were asked to indicate the direction of ﬁgural assign-
ment across the edge (left or right) as fast as possible, giving their
ﬁrst impression. The stimulus duration for common fate displays
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Table 4
Crawford & Howell t- and p-values comparing LG and control participants for six
ERG cues used in Experiment 3.
ERG cue Crawford & Howell t-value p-Value
Common fate tcrawford(10) = 0.456 0.347
Flicker synchrony tcrawford(10) = −0.274 0.373
Color similarity tcrawford(10) = −0.727 0.293
Blur  similarity t (10) = −0.392 0.357
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clear evidence for a dissociation between local and contextual
ﬁgure-ground mechanisms. This has implications for computa-
tional and neurobiological models of ﬁgure-ground organization.
It may constrain the structure of those models to implement local
and contextual ﬁgure-ground processes in a functionally dissocia-
ble manner.
7. Experiment 4: familiarity and convexity inﬂuences on
ﬁgure-ground organization
In this experiment we tested whether LG shows any inﬂu-
ence of object familiarity on ﬁgure-ground organization. Typically
developed individuals tend to assign ﬁgure to the side of an edge
that depicts a familiar, common object. For instance, the edge in
Fig. 6A depicts the silhouette of a lamp along the left side of its
border and participants are more likely to see this region as ﬁg-
ural compared to the other region (e.g. Peterson & Gibson, 1991,
1994a). However, typically developed participants are less likely
to choose that same side of the edge when the familiar shape is
broken into components and these are rearranged to form a scram-
bled edge (Fig. 6B) with similar parts and low-level features but no
overall familiarity (Peterson, Gelder, Gerhardstein, & Bachoud-levi,
2000; Peterson, Gerhardstein, Mennemeier, & Rapcsak, 1998). The
difference between ﬁgure-ground assignment in these two  cases
represents the effect of shape familiarity on ﬁgure-ground organi-
zation.
The mechanisms of familiarity inﬂuences on ﬁgure-ground
organization have sparked debate. Some have suggested that object
knowledge functions in a top-down, interactive manner (Vecera &
O’Reilly, 1998, 2000) perhaps relying on feedback connections from
shape-sensitive higher-order visual areas to border-ownership
neurons in lower-order areas. Others have suggested that these
inﬂuences may  arise through early (106–156 ms: Trujillo, Allen,
Schnyer, & Peterson, 2010) or bottom-up processing of familiar-
ity cues (Peterson, 1999) and are dissociable from conscious object
recognition (Peterson et al., 2000). Given LG’s profoundly patho-
logical function in intermediate visual areas and impaired object
recognition, testing him provides an opportunity to assess the role
of intermediate visual areas in familiarity inﬂuences on ﬁgure-
ground organization. Accordingly, we showed him (and control
participants) familiar and scrambled bipartite stimuli like those
in Fig. 6A and B, adapted from previous work on ﬁgure-ground
familiarity inﬂuences with normal observers (Peterson & Gibson,
1994a; Peterson et al., 2000; Peterson & Kim, 2001). We  asked par-
ticipants to indicate which side (left or right) was ﬁgural/in-front.
In line with previous work, we  expected controls to choose the
side depicting the common object more often in the intact than the
scrambled condition. If LG shows a similar difference between these
two conditions, it would show preserved familiarity inﬂuences on
ﬁgure-ground organization despite his object recognition difﬁcul-
ties and suggest that intermediate visual cortex has no necessary
role in familiarity effects on ﬁgure-ground. To assess his explicit
object recognition, subsequent to the ﬁgure-ground test we gave
him an explicit naming task with the same exact edges used in the
ﬁgure-ground task. However, in this explicit naming task, the edges
did not appear in bipartite stimuli. Instead, each edge appeared
as the edge of a single black region on a fully surrounding gray
background (see Fig. 7). The explicit naming task also gave par-
ticipants unlimited exposure time unlike the ﬁgure-ground task
which had only a brief exposure (100 ms)  in order to encourage
ﬁrst impression responses.crawford
Proximity tcrawford(10) = 0.147 0.384
Orientation similarity tcrawford(10) = −0.547 0.330
as 1500 ms  and for ﬂicker synchrony displays it was 792 ms  (6
ycles). Displays for the other ERG cues were presented for 400 ms.
here was a 1000 ms  ITI.
.2. Results and discussion
.2.1. Results comparing LG to controls for six ERG cues
The response on each trial was coded as either consistent or
nconsistent with the ERG prediction (i.e. which side was  predicted
gural by ERG). The results were collapsed across all of the coun-
erbalancing factors and subtypes for each ERG cue to produce six
alues per participant, representing the percent ERG consistent
esponses for each of the six different ERG cues. This was  done sep-
rately for LG’s two runs through the paradigm. The results from
hose two runs were averaged.
Control participants’ average percentage choice of the ERG pre-
icted region ranged from 50 to 92% across the 6 ERG cues tested
Fig. 5E, gray bars). LG’s performance (Fig. 5E, black bars) did not dif-
erent signiﬁcantly from that of control participants for any of these
ues (Crawford & Howell test results in Table 4). Furthermore, LG’s
erformance across the cues correlated signiﬁcantly with the pat-
ern of results for control participants, r = 0.885, p < 0.01. For every
RG cue except proximity, LG selected the ERG predicted region
igniﬁcantly more often than 50% (by binomial test): common fate,
 < 0.00001; ﬂicker synchrony, p < 0.02; color similarity, p < 0.0006;
lur similarity, p < 0.04; and orientation similarity, p < 0.03. Con-
rol participants showed the same pattern. They were signiﬁcantly
ifferent from 50% for all of the ERG cues except proximity: com-
on  fate, t(10) = 17.96, p < 0.00001; ﬂicker synchrony, t(10) = 3.79,
 < 0.004; color similarity, t(10) = 5.56, p < 0.00001; blur similar-
ty, t(10) = 2.61, p < 0.02; and orientation similarity, t(10) = 4.01,
 < 0.002. For proximity, LG did not choose the ERG predicted region
igniﬁcantly more often than 50%, p < 0.11. This was in agreement
ith control participants who also did not differ from 50% for prox-
mity, t(10) = −0.064, p < 0.95.
.2.2. Implications of results
The results presented above show that LG performed equiv-
lently to control participants for six local ERG cues varying in
trength from 50 to 93% choice of the predicted region. Further-
ore, for ﬁve of the six cues, LG selected the ERG predicted region
igniﬁcantly more often than 50% demonstrating an inﬂuence of
he local ERG cues. This was in contrast to LG’s performance in
he locally-ambiguous section of Experiments 1 and 2. There, LG
ever chose the context consistent region on signiﬁcantly more
han 50% of trials, and he consistently showed performance differ-
nt from that of controls. For the proximity ERG cue, both LG and
ontrol participants were not above 50%, again showing equivalent
erformance.
LG’s normal sensitivity to local ERG ﬁgure-ground cues of vary-
ng strength rules out the cue strength interpretation of LG’s
ontextual impairment. LG’s pattern of results is therefore most
ikely represents a selective impairment in integrating contextual
nformation into ﬁgure-ground assignment. Given his intact per-
ormance on a range of local ﬁgure-ground cues, this provides
We  also took advantage of this opportunity to test one further
known local cue to ﬁgure-ground organization, which is convex-
ity. Normally-developed participants can show a slight tendency to
choose convex regions (left region in Fig. 6C) as ﬁgural (Kanizsa &
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Fig. 6. Stimuli and results of Experiment 4. Stimuli were presented brieﬂy for 100 ms.  (A) Familiar bipartite stimulus depicting a silhouette of a lamp along the left side of
the  edge. (B) Scrambled stimulus created by breaking lamp edge (stimulus shown in panel A) at deep concavities and rearranging parts. (C) Convex bipartite stimulus with
the  convex region to the left. (D) Experiment 4 results as the percentage of trials on which the cue-consistent region was chosen. Black bars represent LG’s score. Gray bars
represent the average for control participants. Error bars represent standard error of the mean.
Gerbino, 1976; Peterson & Salvagio, 2008; Stevens & Brookes, 1988)
compared to concave regions. This may  arise because convexity is
correlated with real depth across edges in natural scene statistics
(Burge, Fowlkes, & Banks, 2010). The convexity effect is quite weak,
however, in simple bipartite displays like those used here (Peterson
& Salvagio, 2008), and as it turned out it was not signiﬁcant here
even for control participants. As a consequence, the main purpose
of the convex displays became simply to provide a further control
for whether any effect of familiarity vs. scrambled might be due to
inadvertent convexity differences between those stimuli. If convex-
ity alone explains ﬁgural biases toward the familiar and scrambled
regions, then the ﬁgural/scrambled scores should be no greater than
the score for the bipartite convexity stimulus that was speciﬁcally
designed to contain a signiﬁcant convexity imbalance.
7.1. Method
7.1.1. Control participants
We  tested 16 control participants (mean age = 27.2, 10 males,
14 right-handed) with normal or corrected visual acuity. These
participants were different from those in Experiments 1–3. All par-
ticipants gave informed consent and the procedures were approved
by the UCL Research Ethics Committee.
7.1.2. Displays and design
The display equipment was  the same as the previous exper-
iments. The background of the screen was  a neutral gray color
(33 cd/m2). Each stimulus comprised a centrally located bipartite
stimulus with one white (68 cd/m2) region and one black (0 cd/m2)
region which shared a vertically oriented critical edge. As in pre-
vious work (e.g. Peterson & Gibson, 1994b), the bipartite stimulus
was 3◦ (visual angle) in height and 2.5–4.2◦ in width. Three different
types of critical edges were used: familiar, scrambled, and convex.
There were 32 bipartite stimuli of each of these types with a total
of 96 different edges.
The critical edge of each familiar stimulus was the silhouette of
a familiar object on one side of the edge (e.g. Fig. 6A). For instance,
the left side of the critical edge in Fig. 6A depicts a lamp. 75% of the
familiar stimuli were taken from previous studies by Peterson and
colleagues (Gibson & Peterson, 1994; Peterson et al., 1998, 2000;
Peterson & Kim, 2001). See Supplementary Materials (Table S1 and
Fig. S7) for download links and details of which stimuli from each
set were used. We  supplemented these stimuli with 8 from our
own set and other stimuli by Peterson (shown in Supplementary
Materials Fig. S6) in order to increase the number of repetitions
in each condition. The two  regions of the bipartite familiar stimuli
were approximately equal in area.
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Fig. 7. Stimuli and results of the conscious naming part of Experiment 4. (A) Familiar lamp stimulus. (B) Scrambled lamp stimulus. (C) Results showing the percentage of
familiar and scrambled stimuli that could be correctly named by LG and control participants with unlimited exposure duration. Black bars represent LG’s score. Gray bars
represent the average for control participants. Error bars represent standard error of the mean.
The scrambled stimuli were formed by manipulating the famil-
iar images described above. Familiar edges were broken into
segments at the prominent concave cusps and the segments ran-
domly rearranged (Peterson et al., 1998, 2000). This resulted in
an image sharing the same edge segments/parts as the original
familiar image but without the familiarity of the overall conﬁg-
uration (e.g. Fig. 6B). Because scrambled objects share the same
edge-segments (and thus many low-level image features such as
convexity) with the familiar objects, they serve as good control
stimuli (for comparison to familiar stimuli) to isolate effects of
overall familiar shape. Familiar stimuli from the Peterson sets had
scrambled counterparts in those sets. Stimuli from our own set
were modiﬁed according to the same rules described above.
The convex stimuli (e.g. Fig. 6C) were obtained from previous
research on the effect of convexity (Peterson & Salvagio, 2008) on
ﬁgure-ground organization. See the Supplementary Materials for
a list of which stimuli were used from this set. The method for
constructing the stimuli is described in the Peterson and Salvagio
(2008) paper (their Experiment 1 stimuli and apparatus) and this
followed previous work (Stevens & Brookes, 1988).
The familiar, scrambled and convex regions, herein referred to as
the cue-consistent region,  were counterbalanced for color (black or
white) and side (left or right) within each type. Hence, participants
saw an equal number of white cue-consistent region regions on the
left as black cue-consistent region regions on the left and the same
balance of colors on the right. The assignment of colors and sides
to particular stimuli was  randomly determined on each run of the
program and thus different for each participant.
7.1.3. Procedure
Display equipment was the same as in Experiments 1 and 2.
Each control participant and LG viewed the same exact set of 96
stimuli (32 each for familiar, scrambled and convex) twice, once in
each of two  blocks. The order of the stimuli within each block was
random and different between the two  blocks. Each trial started
with a 1000 ms  ﬁxation cross followed by the bipartite stimulus
presented for 100 ms.  The control participants were instructed to
indicate which side of the bipartite stimulus, left or right, appeared
to be “in front”/ﬁgural using corresponding mouse buttons. Eye
movements were monitored for control participants and trials were
excluded for deviations from ﬁxation greater than 1◦ (1.3% of tri-
als on average). LG was instructed to maintain ﬁxation as in the
previous experiments.
7.1.4. Explicit object recognition – naming test
This test was  conducted on a separate day, approximately 3
months after the ﬁgure-ground procedure described above. LG and
7 new control participants (5 males, 2 females; all right-handed)
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saw a single black rectangle with one articulated vertical edge (on
left side half of trials) and 3 straight edges. The articulated edge
either depicted one of the familiar objects (Fig. 7A) or one of the
scrambled objects (Fig. 7B) from the Experiment 4 ﬁgure-ground
task. The stimulus appeared after a 1000 ms  ﬁxation period. The
participant was instructed to press a mouse button as soon as they
recognized the shape depicted along the articulated border so that
reaction time could be estimated. The stimulus disappeared after
this response. Then the participant immediately verbally named
the stimulus. If they could not recognize it, they could either guess
or pass without answering. The next trial began after the experi-
menter recorded the verbal response (several seconds).
7.2. Results and discussion
The ﬁgure-ground responses were coded as the percentage of
trials on which the cue-consistent region was chosen as ﬁgural. For
instance, if the left region was familiar, scrambled, or convex and
the participant chose the left region, this was counted as a cue-
consistent response. Values signiﬁcantly greater than 50% indicate
an effect of the cue that biased ﬁgural assignment toward the cue-
consistent side. Values that are not different from 50% indicate no
signiﬁcant effect of the cue.
7.2.1. Control participants ﬁgure-ground results
Control participants chose the cue-consistent region as ﬁgural
signiﬁcantly more often than 50% in both the familiar, t(15) = 7.74,
p < 0.0001, and scrambled conditions, t(15) = 3.36, p < 0.004 (Fig. 6D,
gray bars). The cue-consistent region was chosen signiﬁcantly more
often in the familiar condition than in the scrambled condition,
t(15) = 6.47, p < 0.0001. These results demonstrate that the famil-
iar edge conﬁgurations caused ﬁgure-ground organization to be
assigned in that direction. This is consistent with previous results
by others (e.g. Peterson & Gibson, 1991, 1994a).
Convex regions were not chosen signiﬁcantly more often than
50% of the time by control participants (55.7%), t(15) = 1.21, n.s.
This initially appears inconsistent with previous studies which
demonstrated that convex regions are more likely to be judged
ﬁgural than concave regions (Kanizsa & Gerbino, 1976; Stevens
& Brookes, 1988). However, those studies primarily used multi-
partite displays with multiple alternating convex and concave
regions. The convexity effect is relatively weak in bipartite displays
like those used here (Peterson & Salvagio, 2008). Peterson and Sal-
vagio observed only 57% choice of the convex region for bipartite
displays and with a slightly larger sample size than our control
group this was signiﬁcantly different than chance. They found that
convexity effects are more pronounced in displays with multiple
alternating concave and convex regions, which were not used here.
7.2.2. Figure-ground results – LG
Unlike control participants who reliably chose the familiar and
scrambled regions as ﬁgural, LG’s cue-consistent choices were not
signiﬁcantly greater than 50% for the familiar (pbinomial < 0.10),
scrambled (pbinomial < 0.08), or convex stimuli (pbinomial < 0.08). LG
chose the cue-consistent region 14.8% less often than the aver-
age control participant in the familiar condition. But to isolate
the impact of familiarity, the critical measure is the difference
between familiar and scrambled conditions. Control participants
were 14.1% (SEM = 1.91%) more likely to select the cue-consistent
region in familiar stimuli than in scrambled stimuli. For LG, this dif-
ference was −3.1%, signiﬁcantly different from control participants,
tcrawford(15) = −2.19, p < 0.04.
7.2.3. Explicit naming results
To assess naming accuracy, each object was  given a basic-level
category label by the experimenter in advance of the experiment.
The verbal responses were judged as either correct or incor-
rect (based on this label) by the ﬁrst author and independently
by a colleague blind to the hypotheses and participant iden-
tities. Ratings of the two judges were averaged. Agreement of
these two sets of scores was 97%. LG was signiﬁcantly impaired
with the familiar objects both in naming accuracy (Fig. 7C,
tcrawford(6) = −3.49, p < 0.007) and in RT (LG: 11,689 ms  vs. controls:
3742 ms,  tcrawford(6) = 3.093, p < 0.02). In contrast, he was not
different from controls in the Scrambled condition (accuracy: Fig.
7C, tcrawford(6) = 0.41, p < 0.34), where naming was difﬁcult even for
normal observers, although he was very slow: RT (LG: 15,941 ms
vs. controls: 6734 ms,  tcrawford(6) = 1.989, p = 0.065).
Although LG was signiﬁcantly impaired at explicit object nam-
ing, he was  nevertheless able to recognize a small proportion
of the stimuli. We  analyzed the results of the ﬁgure-ground
task separately for those familiar stimuli that he could explicitly
name and those that he could not name. We  found that even
for familiar stimuli that were explicitly recognizable he chose
the cue-consistent region only 54% of the time. For unrecog-
nized familiar stimuli he chose the cue-consistent region 64% of
the time. This indicates that even when explicit recognition is
intact, LG is unable to use this information to affect ﬁgure-ground
assignment.
7.2.4. Experiment 4 summary and discussion
In line with his previously observed object recognition difﬁcul-
ties, LG was signiﬁcantly impaired in explicitly naming familiar
stimuli. More importantly, the results of Experiment 4 showed
a signiﬁcant impairment of LG’s ability to use familiarity cues in
ﬁgure-ground organization even for the small number of stimuli
that he was able to explicitly name. In contrast, control partic-
ipants successfully named almost twice as many stimuli as he
did and consistently used familiarity to determine their ﬁgure-
ground assignment. This outcome suggests that intermediate visual
areas may  play a critical role in mediating familiarity inﬂuences on
ﬁgure-ground organization. Our results also suggest that familiar-
ity inﬂuences can dissociate from local image-based ﬁgure-ground
mechanisms that were shown to be intact in Experiments 1 and 2.
An important and classic issue in perceptual organization is
whether different processes occur relatively early or late (e.g.
Palmer et al., 2003; Palmer & Nelson, 2000; Palmer & Rock, 1994)
in time or higher vs. lower in the anatomical hierarchy of visual
cortical areas. For instance, does ﬁgure-ground organization occur
before object recognition or after (cf., Peterson, 1999; Peterson &
Gibson, 1994a)? As described earlier, electrophysiological evidence
suggests that familiarity inﬂuences on ﬁgure-ground processing
can arise relatively early in time (Trujillo et al., 2010) and with-
out explicit object recognition (Peterson et al., 2000). From our
current work, the relative timing of familiarity inﬂuences and the
processing of local ﬁgure-ground cues is not completely clear. We
can conclude that local ﬁgure-ground cues do not depend strictly
on the same mechanisms as familiarity inﬂuences because famil-
iarity can be impaired even when local cues function normally. It is
possible that this is because local ﬁgure-ground cues are computed
by functionally independent neural circuits before the circuits that
compute familiarity. However, this is not necessarily the case.
One alternative is that familiarity is independently computed in a
parallel pathway simultaneously with, or even earlier than, local
ﬁgure-ground cues. This architecture could show a dissociation
between the two  mechanisms even though they operate simultane-
ously. Assuming that LG is available for future electrophysiological
testing, we may  be able to address this issue more clearly in follow-
up work. Although the data that we have cannot currently resolve
the more difﬁcult issue of relative timing of familiarity and local
ﬁgure-ground inﬂuences, the pattern of dissociations that we have
observed does indicate that mechanisms which compute at least
1406 J.L. Brooks et al. / Neuropsychologia 50 (2012) 1393– 1407
some local ﬁgure-ground cues (such as the ERG cues used here)
are dissociable from those that compute familiarity inﬂuences on
ﬁgure-ground organization.
8. Summary and general discussion
We  tested ﬁgure-ground assignment performance by a rare
developmental agnosic who has object recognition problems and
profoundly deactivated intermediate visual areas in response to
visual stimulation, despite apparently normal brain structure. As
shown previously with fMRI (Gilaie-Dotan et al., 2009), visual
responses of his primary visual cortex are relatively normal and
higher order visual cortical areas also show positive activation to
visual stimulation (although with reduced category selectivity),
while retinotopic areas V2/V3 respond abnormally. This unusual
case provides an opportunity to test the roles that these intermedi-
ate visual areas V2 and V3 may  normally play in local, contextual,
and familiarity inﬂuences on ﬁgure-ground assignment. We  found
that LG was signiﬁcantly less sensitive to contextual inﬂuences
on ﬁgure-ground organization than control participants. This
was true even for very short distances between the ﬁgure and
contextual inducer. Importantly, his sensitivity to local ﬁgure-
ground inﬂuence was unimpaired. This suggests that the neural
mechanisms responsible for computing ﬁgure-ground organiza-
tion/border ownership based on local information along a contour
are functionally dissociable from those mechanisms that incorpo-
rate contextual information. This dissociation may, for instance,
arise from the use of different grouping circuits for local and con-
textual ﬁgure-ground inﬂuences with selective impairment of the
contextual mechanism in LG. This is broadly consistent with the
proposal that perceptual grouping operates at various different lev-
els throughout visual processing rather than being a single unitary
mechanism (Palmer et al., 2003). To further test this hypothesis
we encourage further work with rare cases such as LG to test
other grouping inﬂuences in addition to the ones we examined
here. LG also failed to show an inﬂuence of familiarity on ﬁgure-
ground organization. This demonstrates that familiarity inﬂuences
are mediated by different mechanisms than those based on com-
puting the other local image-based ﬁgure-ground cues used in our
experiments (edge-region grouping local cue in Experiment 1 and
part-familiarity and convexity in Experiment 2).
Previous work with LG has suggested problems with visual inte-
gration as the primary dysfunction of the visual perception system.
For instance, in a recent study on facial emotion perception, LG was
unable to integrate contextual visual information from the rest of
the body to inform facial emotion perception (Aviezer et al., 2011).
The ﬁndings of the current study suggest that LG’s contextual inte-
gration difﬁculties may  be pervasive, occurring at both lower and
higher levels of the perceptual system.
As LG exhibits robust deactivation (compared to baseline) of
intermediate visual areas V2 and V3 in response to visual stim-
ulation, it is clear that local ﬁgure-ground mechanisms do not
depend on the normal function of these areas because local ﬁgure-
ground inﬂuences were normal in LG. In contrast, it is likely that
contextual and familiarity inﬂuences on ﬁgure-ground organiza-
tion do depend critically on these areas for normal functioning.
Future work on typically developed participants may  use tran-
scranial magnetic stimulation or other techniques that disrupt
cortical function to test the causal relationship between these brain
areas and contextual and familiarity inﬂuences on ﬁgure-ground
organization. Our work also constrains the architecture of com-
putational models of ﬁgure-ground organization. These models
should contain dissociable mechanisms for local and contextual
ﬁgure-ground computations in order to be consistent with our
observations.
Acknowledgement
JLB was supported by a British Academy Post-Doctoral Fel-
lowship. SGD was supported by a Marie-Curie post-doctoral IEF
fellowship. GR was  supported by the Wellcome Trust. SB was sup-
ported by NIMH grant R01 MH  64458-09. JD was supported by
the Wellcome Trust, MRC, BBSRC, and a Royal Society Anniver-
sary Research Professorship. Professor Jon Driver (last author) died
Nov 28, 2011 before the submission of the revised version of the
manuscript. Sincere thanks to LG for his patience with our testing.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.neuropsychologia.2012.02.024.
References
Albright, T. D., & Stoner, G. R. (2002). Contextual inﬂuences on
visual processing. Annual Review of Neuroscience, 25,  339–379.
doi:10.1146/annurev.neuro.25.112701.142900
Anderson, B. L. (2003). Perceptual organization and White’s illusion. Perception,
32(3),  269–284.
Ariel, R., & Sadeh, M.  (1996). Congenital visual agnosia and prosopagnosia in a child:
A  case report. Cortex,  32(2), 221–240.
Aviezer, H., Hassin, R. R., & Bentin, S. (2011). Impaired integration of emotional faces
and  affective body context in a rare case of developmental visual agnosia. Cortex,
doi:10.1016/j.cortex.2011.03.005
Baek, K., & Sajda, P. (2005). Inferring ﬁgure-ground using a recurrent integrate-
and-ﬁre neural circuit. IEEE Transactions on Neural Systems and Rehabilitation
Engineering,  13(2), 125–130. doi:10.1109/TNSRE.2005.847388
Barenholtz, E., & Tarr, M.  J. (2009). Figure-ground assignment to a translating con-
tour: A preference for advancing vs. receding motion. Journal of Vision,  9(5), 27.
doi:10.1167/9.5.27,  1–9
Baylis, G. C., & Driver, J. (1995). One-sided edge assignment in vision. 1. Figure-
ground segmentation and attention to objects. Current Directions in Psychological
Science,  4(5), 140–146.
Baylis, G. C., & Driver, J. (2001). Shape-coding in IT cells generalizes over contrast
and mirror reversal, but not ﬁgure-ground reversal. Nature Neuroscience, 4(9),
937–942. doi:10.1038/nn0901-937
Benton, A. L., Sivan, A. B., Hamsher, K., Varney, N., & Spreen, O. (1983). Contribution
to  neuropsychological assessment. New York: Oxford University Press.
Brooks, J. L., & Driver, J. (2010). Grouping puts ﬁgure-ground assignment in con-
text by constraining propagation of edge assignment. Attention, Perception &
Psychophysics,  72(4), 1053–1069. doi:10.3758/APP.72.4.1053
Burge, J., Fowlkes, C. C., & Banks, M.  S. (2010). Natural-scene statistics predict how
the ﬁgure-ground cue of convexity affects human depth perception. The Journal
of  Neuroscience, 30(21), 7269–7280. doi:10.1523/JNEUROSCI.5551-09.2010
Burge, Peterson, J., & Palmer, M.  A. (2005). Ordinal conﬁgural cues combine with
metric disparity in depth perception. Journal of Vision,  5(6), 534–542.
Craft, E., Schütze, H., Niebur, E., & von der Heydt, R. (2007). A neural model
of ﬁgure-ground organization. Journal of neurophysiology, 97(6), 4310–4326.
doi:10.1152/jn.00203.2007
Crawford, J. R., & Howell, D. C. (1998). Comparing an individual’s test score
against norms derived from small samples. The Clinical Neuropsychologist, 12(4),
482–486. doi:10.1076/clin.12.4.482.7241
Crawford, J. R., Garthwaite, P. H., & Howell, D. C. (2009). On comparing a single
case  with a control sample: An alternative perspective. Neuropsychologia, 47(13),
2690–2695. doi:10.1016/j.neuropsychologia.2009.04.011
Driver, J., & Baylis, G. C. (1996). Edge-assignment and ﬁgure-ground segmen-
tation in short-term visual matching. Cognitive Psychology, 31(3), 248–306.
doi:10.1006/cogp.1996.0018
Duchaine, B., & Nakayama, K. (2006). The cambridge face memory test: Results
for neurologically intact individuals and an investigation of its validity using
inverted face stimuli and prosopagnosic participants. Neuropsychologia, 44(4),
576–585. doi:10.1016/j.neuropsychologia.2005.07.001
Fang, F., Boyaci, H., & Kersten, D. (2009). Border ownership selectivity in human early
visual cortex and its modulation by attention. The Journal of Neuroscience, 29(2),
460–465. doi:10.1523/JNEUROSCI.4628-08.2009
Fang, F., Kersten, D., & Murray, S. O. (2008). Perceptual grouping and inverse
fMRI activity patterns in human visual cortex. Journal of Vision,  8(7), 2.
doi:10.1167/8.7.2,  1–9
Gibson, B. S., & Peterson, M.  A. (1994). Does orientation-independent object recog-
nition precede orientation-dependent recognition? Evidence from a cuing
paradigm. Journal of Experimental Psychology: Human Perception and Perfor-
mance,  20(2), 299–316.
Gilaie-Dotan, S., Bentin, S., Harel, M.,  Rees, G., & Saygin, A. P. (2011). Normal form
from biological motion despite impaired ventral stream function. Neuropsy-
chologia,  49(5), 1033–1043. doi:10.1016/j.neuropsychologia.2011.01.009
J.L. Brooks et al. / Neuropsychologia 50 (2012) 1393– 1407 1407
Gilaie-Dotan, S., Perry, A., Bonneh, Y., Malach, R., & Bentin, S. (2009). See-
ing with profoundly deactivated mid-level visual areas: Non-hierarchical
functioning in the human visual cortex. Cerebral Cortex,  19(7), 1687–1703.
doi:10.1093/cercor/bhn205
Gilchrist, A. L. (1977). Perceived lightness depends on perceived spatial arrange-
ment. Science, 195(4274), 185–187.
Grossberg, S., Mingolla, E., & Ross, W.  D. (1997). Visual brain and visual perception:
How does the cortex do perceptual grouping? Trends in Neurosciences,  20(3),
106–111. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/9061863
Harris, J. J., Schwarzkopf, D. S., Song, C., Bahrami, B., & Rees, G. (2011). Contextual
illusions reveal the limit of unconscious visual processing. Psychological Science,
22(3),  399–405. doi:10.1177/0956797611399293
Heinen, K., Jolij, J., & Lamme, V. A. F. (2005). Figure-ground segregation requires two
distinct periods of activity in V1: A transcranial magnetic stimulation study.
Neuroreport,  16(13), 1483–1487.
Herzog, M.  H. (2003). Collinear contextual suppression. Vision Research, 43,
2915–2925. doi:10.1016/j.visres.2003.07.004
Huang, L., & Pashler, H. (2009). Reversing the attention effect in ﬁgure-ground
perception. Psychological Science, 20(10), 1199–1201. doi:10.1111/j. 1467-
9280.2009.02424.x
Jehee, J. F. M., Lamme, V. A. F., & Roelfsema, P. R. (2007). Boundary assign-
ment in a recurrent network architecture. Vision Research, 47(9), 1153–1165.
doi:10.1016/j.visres.2006.12.018
Kanizsa, G., & Gerbino, W.  (1976). Convexityand symmetry in ﬁgure-ground orga-
nization. In Vision and artifact. New York: Springer., pp. 25–32.
Kienker, P. K., Sejnowski, T. J., Hinton, G. E., & Schumacher, L. E. (1986). Separating
ﬁgure from ground with a parallel network. Perception,  15(2), 197–216.
Lee, T. S., & Nguyen, M.  (2001). Dynamics of subjective contour formation in the
early visual cortex. Proceedings of the National Academy of Sciences of the United
States of America, 98(4), 1907–1911. doi:10.1073/pnas.031579998
MacEvoy, S. P., Kim, W.,  & Paradiso, M.  A. (1998). Integration of surface information
in  primary visual cortex. Nature Neuroscience, 1(7), 616–620. doi:10.1038/2849
Nakayama, K., Shimojo, S., & Silverman, G. H. (1989). Stereoscopic depth: Its rela-
tion to image segmentation, grouping, and the recognition of occluded objects.
Perception,  18(1), 55–68.
Nishimura, H., & Sakai, K. (2004). Determination of border-ownership based on the
surround context of contrast. Neurocomputing, 58–60, 843–848.
Nishimura, H., & Sakai, K. (2005). The computational model for border-ownership
determination consisting of surrounding suppression and facilitation in early
vision. Neurocomputing, 65,  77–83.
Palmer, S. E., & Brooks, J. L. (2008). Edge-region grouping in ﬁgure-ground organiza-
tion and depth perception. Journal of Experimental Psychology: Human Perception
and Performance, 34(6), 1353–1371. doi:10.1037/a0012729
Palmer, S. E., & Ghose, T. (2008). Extremal edges: A powerful cue to depth per-
ception and ﬁgure-ground organization. Psychological Science, 19(1), 77–84.
doi:10.1111/j.1467-9280.2008.02049.x
Palmer, S. E., & Nelson, R. (2000). Late inﬂuences on perceptual grouping: Illusory
ﬁgures. Perception & Psychophysics,  62(7), 1321–1331.
Palmer, S. E., & Rock, I. (1994). Rethinking perceptual organization: The role of
uniform connectedness. Psychonomic Bulletin & Review, 1, 29–55.
Palmer, S. E., Brooks, J. L., & Nelson, R. (2003). When does grouping happen? Acta
Psychologica,  114(3), 311–330.
Peterson, M. A. (1999). What’s in a stage name? Comment on Vecera and O’Reilley
(1998). Journal of Experimental Psychology: Human Perception and Performance,
25(1), 276–286.
Peterson, M.  A., & Enns, J. T. (2005). The edge complex: Implicit memory for ﬁgure
assignment in shape perception. Perception & Psychophysics,  67(4), 727–740.
Peterson, M. A., & Gibson, B. S. (1991). The initial identiﬁcation of ﬁgure-ground
relationships: Contributions from shape recognition processes. Bulletin of the
Psychonomic Society,  29(3), 199–202.
Peterson, M.  A., & Gibson, B. S. (1994a). Must ﬁgure-ground organization precede
object recognition – An assumption in peril. Psychological Science, 5(5), 253–259.
Peterson, M.  A., & Gibson, B. S. (1994b). Object recognition contributions to ﬁgure-
ground organization: Operations on outlines and subjective contours. Perception
&  Psychophysics,  56(5), 551–564.
Peterson, M.  A., & Kim, J. H. (2001). On what is bound in ﬁgures and grounds. Visual
Cognition, 8(3-5), 329–348. doi:10.1080/13506280143000034
Peterson, M.  A., & Salvagio, E. (2008). Inhibitory competition in ﬁgure-
ground perception: Context and convexity. Journal of Vision,  8(16), 1–13.
doi:10.1167/8.16.4.Introduction
Peterson, M.  A., Gelder, D. B. R. Z. S., Gerhardstein, P. C., & Bachoud-levi, A. C. (2000).
Object memory effects on ﬁgure assignment: Conscious object recognition is
not  necessary or sufﬁcient. Vision Research, 40(10–12), 1549–1567.
Peterson, M.  A., Gerhardstein, P. C., Mennemeier, M.,  & Rapcsak, S. Z. (1998).
Object-centered attentional biases and object recognition contributions to scene
segmentation in left- and right-hemisphere-damaged patients. Psychobiology,
26(4),  357–370.
Peterson, M.  A., Harvey, E. M., & Weidenbacher, H. J. (1991). Shape recognition contri-
butions to ﬁgure-ground reversal: Which route counts? Journal of Experimental
Psychology: Human Perception and Performance, 17(4), 1075–1089.
Polat, U., & Sagi, D. (1993). Lateral interactions between spatial channels: Suppres-
sion and facilitation revealed by lateral masking experiments. Vision Research,
33(7), 993–999.
Qiu, F. T., & von Der Heydt, R. (2005). Figure and ground in the visual cortex: V2
combines stereoscopic cues with Gestalt rules. Neuron, 47,  155–166.
Riddoch, M.  J., & Humphreys, G. W.  (1993). Birmingham object recognition battery.
London: Erlbaum.
Rock, I., & Brosgole, L. (1964). Grouping based on phenomenal proximity. Journal of
Experimental Psychology, 67,  531–538.
Rock, I., & Palmer, S. E. (1990). The legacy of Gestalt psychology. Scientiﬁc American,
263(6), 84–90.
Rock, I., Nijhawan, R., Palmer, S. E., & Tudor, L. (1992). Grouping based on phenomenal
similarity of achromatic color. Perception, 21(6), 779–789.
Roelfsema, P. R. (2006). Cortical algorithms for perceptual grouping. Annual Review
of  Neuroscience, 29,  203–227. doi:10.1146/annurev.neuro.29.051605.112939
Roelfsema, P. R., Lamme, V. A. F., Spekreijse, H., & Bosch, H.  (2002). Figure-ground seg-
regation in a recurrent network architecture. Journal of Cognitive Neuroscience,
14(4), 525–537. doi:10.1162/08989290260045756
Rossi, A. F., & Paradiso, M.  A. (1999). Neural correlates of perceived brightness in the
retina, lateral geniculate nucleus, and striate cortex. The Journal of Neuroscience,
19(14), 6145–6156.
Rubin, E. (1921). Visuell Wahrgenommene Figuren. Copenhagen: Glydendalske.
Sajda, P., & Finkel, L. (1995). Intermediate-level visual representations and the con-
struction of surface perception. Journal of Cognitive Neuroscience, 7, 267–291.
Schulz, M.  F., & Sanocki, T. (2003). Time course of perceptual grouping by color.
Psychological Science, 14(1), 26–30.
Stevens, K. A., & Brookes, A. (1988). The concave cusp as a determiner of ﬁgure-
ground. Perception, 17(1), 35–42.
Sugihara, T., Qiu, F. T., & von der Heydt, R. (2011). The speed of context integration
in  the visual cortex. Journal of neurophysiology, doi:10.1152/jn.00928.2010
Trujillo, L. T., Allen, J. J. B., Schnyer, D. M.,  & Peterson, M. A. (2010). Neurophysiolog-
ical evidence for the inﬂuence of past experience on ﬁgure-ground perception.
Journal of Vision,  10,  1–21. doi:10.1167/10.2.5.Introduction
Vecera, S. P., & O’Reilly, R. C. (1998). Figure-ground organization and object recog-
nition processes: An interactive account. Journal of Experimental Psychology.
Human Perception and Performance, 24(2), 441–462.
Vecera, S. P., & O’Reilly, R. C. (2000). Graded effects in hierarchical ﬁgure-ground
organization: Reply to Peterson (1999). Journal of Experimental Psychology.
Human Perception and Performance, 26(3), 1221–1231. doi:10.1037//O096-
1523.26.3.1221
Vecera, S. P., Flevaris, A. V., & Filapek, J. C. (2004). Exogenous spatial attention inﬂu-
ences ﬁgure-ground assignment. Psychological Science, 15(1), 20–26.
Wagner, G., & Boynton, R. M.  (1972). Comparison of four methods of heterochromatic
photometry. Journal of the Optical Society of America, 62(12), 1508–1515.
Warrington, E. (1984). Recognition memory test manual. Windsor: Nelson.
Wertheimer, M.  (1923). Untersuchungen zur Lehre von der Gestalt. Psychologishe
Forschung,  4, 301–350.
Williams, S. M., McCoy, A. N., & Purves, D. (1998). The inﬂuence of depicted illumina-
tion  on brightness. Proceedings of the National Academy of Sciences of the United
States of America, 95(22), 13296–13300.
Yonas, A., Craton, L. G., & Thompson, W.  B. (1987). Relative motion: Kinetic infor-
mation for the order of depth at an edge. Perception & Psychophysics,  41(1),
53–59.
Zhang, N. R., & von Der Heydt, R. (2010). Analysis of the context integration mecha-
nisms underlying ﬁgure-ground organization in the visual cortex. The Journal of
Neuroscience,  30(19), 6482–6496. doi:10.1523/jneurosci.5168-09.2010
Zhaoping, L. (2005). Border ownership from intracortical interactions in visual area
v2. Neuron, 47(1), 143–153.
Zhou, H., Friedman, H. S., & von Der Heydt, R. (2000). Coding of border ownership in
monkey visual cortex. Journal of Neuroscience, 20(17), 6594–6611.
